INTRODUCTION
============

Tuberculous pleurisy is the most frequent extrapulmonary manifestation of tuberculosis.[@B1] The pleura is a serous membrane that covers the lung parenchyma, mediastinum, diaphragm, and rib cages, and is divided into the visceral and parietal pleura. Both the visceral and parietal pleurae are lined with a single layer of flat mesothelial cells that have some similarity of epithelial cells. They are sensitive and responsive to various stimuli. Therefore, residual pleural thickening from 2 mm to 10 mm has been reported in 20% to 50% of all tuberculous pleurisy patients.[@B2],[@B3]

Historically, pleural resident fibroblasts have been considered to be primary cells involved in the development of pleural fibrosis.[@B4] However, emerging evidence from nephrology suggest that renal fibroblast and/or myofibroblasts can be derived from renal tubular epithelial cells in the process of tissue repair after injury through epithelial to mesenchymal transition (EMT).[@B5]-[@B9] Other recent studies in dialysis patients also found the EMT process with peritoneal mesothelial cells.[@B10]-[@B12]

The most potent profibrotic cytokines, transforming growth factor (TGF)-β1 and interleukin (IL)-1β, have been considered main cytokines involved in pleural fibrosis of tuberculous pleurisy.[@B13]-[@B17] Based on our finding that the mesothelial cells treated with TGF-β1 and/or IL-1β undergo a transition from an epithelial to a mesenchymal phenotype, we raised the possibility of EMT during fibrogenesis of tuberculous pleurisy. So far, there have been no studies testing our hypothesis. To address uncertainties surrounding our hypothesis, we used several approaches to investigate EMT in pleural mesothelial cells. We found that mesothelial cells with TGF-β1 and/or IL-1β treatment undergo a transition from an epithelial to a mesenchymal phenotype, raising the possibility of EMT during fibrogenesis. We then revealed evidence of EMT in effluents of tuberculous pleurisy by immunofluorescence and reverse transcription polymerase chain reaction (RT-PCR) studies. These studies provide evidence that EMT occurs during fibrogenesis in tuberculous pleurisy.

MATERIALS AND METHODS
=====================

Materials
---------

Recombinant human TGF-β1 and human IL-1β were used as the main cytokines. Monoclonal antibodies against E-cadherin (R&D systems, Minneapolis, MN, USA), pancytokeratin (Sigma Aldrich, St. Louis, MO, USA), vimentin (Sigma Aldrich, St. Louis, MO, USA), and rhodamine-phalloidin (Molecular probes, Inc., California, USA) were used for immunofluorescence studies.

Isolation and culture of pleural mesothelial cells
--------------------------------------------------

In order to obtain normal pleural mesothelial cells, we collected the irrigation fluid of five primary spontaneous pneumothorax patients during bullectomy operations with video-assisted thoracoscopic surgery. To obtain the effluents of tuberculous pleury, thoracentesis from thirteen patients were done. If the pleural fluid adensine deaminase (ADA) level is above 40 U per L and the pleural fluid has a lymphocyte-to-neutrophil ratio greater than 0.75, a diagnosis of tuberculous pleurisy was made. Then, the cells were isolated by centrifugation and cultured until grown to confluence for 7-10 days. Finally, seven of the thirteen effluents reached confluences. The morphologic features of cells in confluent cultures were compared and remained stable during the two cell passages. All cells were cultured in Earle\'s M199 medium, 20 percent fetal-calf serum, 50 U of penicillin per milliliter, 50 µg of streptomycin per milliliter, and 2 percent Biogro-2 (containing insulin, transferrin, ethanolamine, and putrescine) (Biological Industries). For the first 24 to 48 hours of the culture with irrigation fluid of primary spontaneous pneumothorax patients, media were supplemented with 100 µg/mL cis-OH-proline (Sigma, St. Louis, MO, USA) to selectively eliminate fibroblasts from cultures. Mesothelial cells from spontaneous pneumothorax were treated with TGF-β1 at 0.5 ng/mL and/or IL-1β at 2 ng/mL for 72 hours. The concentration level of IL-1β used in this study was determined based on previous studies showing IL-1β induced EMT.[@B10] Cells cultured from tuberculous pleurisy were stained after cell growth to confluence without cytokine supplement. For immunofluorescence studies, the cells were seeded on cover slips without Biogro-2. The procedures were performed in accordance with institutional guidelines, and were approved by an institutional review board. Informed consent was obtained from all study participants.

RT-PCR
------

Total RNA was isolated using Trizol (Invitrogen, California, USA). The complementary DNA was obtained from 500 ng-1 µg of total RNA with the use of a random primer according to the manufacturer\'s instructions, the Superscript™ III First-Strand Synthesis system, and Platinum PCR SuperMix (Invitrogen, California, USA). Amplification of snail, E-cadherin, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was performed according to the procedures described in a previous study.[@B10]

Immunofluorescence studies
--------------------------

Immunofluorescence staining was used to detect E-cadherin, cytokeratin, vimentin, and F-actin in the cells from primary spontaneous pneumothorax and tuberculous pleurisy. Cells from effluents of tuberculous pleurisy and the Immunofluorescence studies were performed as described previously.[@B10] The fluorescent images were obtained by confocal laser scanning microscope (Zeiss LSM 510, Oberkochen, Germany).

RESULTS
=======

Morphologic characteristics in mesothelial cells from primary spontaneous pneumothorax
--------------------------------------------------------------------------------------

Cultured mesothelial cells from primary spontaneous pneumothorax had an almost round shape under the phase-contrast microscopy. The cells were stained strongly with epithelial markers, E-cadherin and cytokeratin. Mesenchymal markers vimentin and F-actin stained only some cortical areas of the cells. Our data ascertained that mesothelial cells from primary spontaneous pneumothorax were characterized by epithelial phenotype. After TGF-β1 treatment with 0.5 ng/mL, the round cell morphology gradually changed to elongated fibroblast-like cells under phase-contrast microscopy. Immunofluorescence microscopy demonstrated the loss of E-cadherin, cytokeratin with the replacement by vimentin, and the stress fiber reorganization by F-actin ([Fig. 1](#F1){ref-type="fig"}). Our data suggested that TGF-β1 might induce the mesothelial cells to undergo EMT *in vitro*.

Effects of IL-1β alone or in combination with TGF-β1 in EMT
-----------------------------------------------------------

To determine whether IL-1β alone or in combination with TGF-β1 could induce EMT or have additive effects in EMT, cultured mesothelial cells from primary spontaneous pneumothorax were treated with IL-1β alone and in combination with 0.5 ng/mL concentration of TGF-β1. The treatment with IL-1β alone induced the cells to undergo morphologic changes to the elongated fibroblast-like cells under phase-contrast light microscopy ([Fig. 1](#F1){ref-type="fig"}). The immunofluorescence stain after treatment with IL-1β alone also demonstrated the loss of E-cadherin, cytokeratin and replacement by vimentin and F-actin, although cytokeratin in some cells was still positive ([Fig. 1](#F1){ref-type="fig"}). The treatment with TGF-β1 also induced morphologic changes to fibroblast-like cells, but the treatment IL-1β in combination with TGF-β1 did not reveal additional morphologic changes ([Fig. 1](#F1){ref-type="fig"}).

TGF-β1 induced EMT is accompanied by snail expression
-----------------------------------------------------

The transcription factor snail is known as an inducer of EMT process. To determine whether the snail expression was associated with the phenotype changes during EMT, RT-PCR analysis was used. The expression of mRNA encoding E-cadherin was down-regulated with 0.5 ng/mL TGF-β1 treatments in cultured cells of primary spontaneous pneumothorax, and more down-regulation was detected with TGF-β1 treatment in combination with IL-1β ([Fig. 2](#F2){ref-type="fig"}). While mRNA encoding snail was scarcely found without TGF-β1 treatment, the expression of mRNA encoding snail was revealed after 0.5 ng/mL TGF-β1 treatment. The combination of TGF-β1 with IL-1β tended to have an additional effect on snail expression in a patient with spontaneous pneumothorax ([Fig. 2](#F2){ref-type="fig"}).

The cultured cells from tuberculous pleurisy revealed an expression of snail mRNA in all cases ([Fig. 4](#F4){ref-type="fig"}), whereas the expression of E-cadherin mRNA was detected in only two cases ([Fig. 4](#F4){ref-type="fig"}) (column 1 and 2), showing both characteristics of epithelial and mesenchymal phenotype in immunofluorescence stains ([Fig. 3A and B](#F3){ref-type="fig"}). Our data suggest that EMT in mesothelial cells might be associated with the snail expression.

Characteristics of cultured cells from effluents of tuber culous pleurisy
-------------------------------------------------------------------------

The mean age of seven patients with tuberculous pleurisy was 42.1 ± 15.6. No one had experienced any medical illness. On the chest radiographs or CT images, four patients had pulmonary tuberculosis with tuberculous pleurisy. Three of them showed remnant pleural thickening on their chest radiographs after six month treatment.

Cultured cells from the effluents of tuberculous pleurisy revealed two phenotypes. The first phenotype, which was found in five cases ([Fig. 3C, D and E](#F3){ref-type="fig"}), demonstrated fibroblast-like cell characteristics that had elongated cell morphology, mesenchymal characteristics positive for vimentin, and stress fiber reorganization by F-actin. The second phenotype, which was found in two cases ([Fig. 3A and B](#F3){ref-type="fig"}), had both characteristics of epithelial and mesenchymal cells, relatively round cell morphology, positive result for E-cadherin and cytokeratin, as well as stress fiber reorganization by F-actin under immunofluorescence study. In the second phenotype group, results of RT-PCR also revealed both expression of mRNA encoding E-cadherin and snail ([Fig. 4](#F4){ref-type="fig"}) (column 1 and 2), whereas the first phenotype group ([Fig. 4](#F4){ref-type="fig"}) (column 3-7) only revealed snail expression. Clinically, three patients with the first phenotype showed pleural thickening on their chest radiographs at the end of the treatment, but all patients with the second phenotype did not show remnant pleural thickening.

The results of immunofluorescence and RT-PCR studies indicated that some cases of tuberculous pleurisy have both characteristics of epithelial and mesenchymal cell. Therefore, our data suggest that EMT process might be involved in tuberculous pleurisy.

DISCUSSION
==========

EMT is an essential process for embryonic fetal development. In adults, it is involved in tumor progression.[@B18],[@B19] Recently, EMT has been considered to be involved in tissue healing in response to various injuries because it serves as an additional source of myofibroblasts/fibroblasts, which are essential for tissue repair.[@B8],[@B20] One study demonstrated that renal tubular epithelium was transformed into more than one third of renal interstitial fibroblast via EMT using a model of gamma-glutamyl transferase *lacZ* transgenic mice.[@B8]

In this EMT process, TGF-β1 is a potent inducer of extracellular matrix formation. Actually, the TGF-β1 level was elevated in the effluents of tuberculous pleurisy and it was regarded as an important mediator of lung fibrogenesis.[@B21],[@B22] In pleural fibrosis, one potential role of TGF-β1 is to lead mesothelial cells to cause EMT. Our data showed that mesothelial cells treated with TGF-β1 went through EMT, which was typified by loss of epithelial markers such as cytokeratin or E-cadherin, gain of mesenchymal markers like vimentin, morphological change into myofibroblastic shape, and stress fiber reorganization with F-actin. Similarly, IL-1β has been known to lead renal epithelial cells to cause EMT, but some studies have failed to demonstrate that IL-1β induce other types of cells to undergo EMT.[@B23],[@B24]

Therefore, we tested whether IL-1β could induce lung mesothelial cells to undergo EMT and have synergic effects in combination with TGF-β1. As a result, cultured mesothelial cells from pneumothorax treated with IL-1β alone showed similar changes in morphology and immunofluroscence stain compared with TGF-β1, although treatment with IL-1β alone showed weaker changes than those from treatment with TGF-β1. However, in combination with TGF-β1, additional morphologic changes were not obvious. We could not easily explain the reason, and quantitative methods would make it clear in the near future.

Among many different signaling pathways considered as initiators of EMT in various settings, all of them were eventually concluded in the loss of E-cadherin.[@B19],[@B25],[@B26] E-cadherin is a significant component for the maintenance of the epithelial phenotype, so decreased expression of E-cadherin results from the loss of intercellular adhesion.[@B20],[@B27]-[@B29] Recent studies also demonstrate that suppression of E-cadherin expression, combined with the expression of transcription factor snail, induces EMT in carcinoma cells.[@B30]-[@B34] Such studies have led to the speculation that E-cadherin is a potential epithelial master gene.

In our data, cultured cells from effluents of tuberculous pleurisy demonstrated two phenotypes. One phenotype, which was shown in five cases, revealed totally fibroblast-like cells under phase-contrast microscopy and immunofluorescence studies. Our results did not reveal where the cells originated from. However, in the remaining two cases, cultured cells revealed the characteristics of both epithelial and mesenchymal cells. Therefore, our finding could suggest that mesothelial cells undergo an epithleial to mesenchymal transition in the course of tuberculous pleurisy. Although it has been accepted that effluents from tuberculous pleurisy rarely contain more than 5% mesothelial cells,[@B35],[@B36] the reasons have not yet been determined. Based on the data of this study, there is the possibility that mesothelial cells change to fibroblast-like cells through EMT in the process of tuberculous pleurisy. Nevertheless, current methods of mesothelial cell isolation might not totally remove contaminating mesenchymal cells. So it is uncertain whether the factors associated with causing EMT may facilitate the growth of remnant mesenchymal cells and/or promote the loss of epithelial cells leading to increased mesenchymal marker expression. Therefore, we need more evidence to support EMT in tuberculous pleurisy.

In conclusion, our data suggest that profibrotic factors such as TGF-β1 and inflammatory cytokines such as IL-1β induce mesothelial cells to undergo EMT. These results will contribute to establish the pathophysiology of pleural fibrosis in tuberculous pleurisy. Furthermore, these data suggest new therapeutic targets that might ultimately prevent the fibrosis in the patients with tuberculous pleurisy.
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![Morphologic changes in mesothelial cells from the effluent of a patient with primary spontaneous pneumothorax with IL-1β ± TGF-β1 treatment. Cells obtained from the irrigation effluent of primary spontaneous pneumothorax during operation were treated with media only, IL-1β (2 ng/mL), TGF-β1 (0.5 ng/mL), and IL-1β + TGF-β1, respectively. Phase images are in the first row, and immunofluorescence stains in the remaining rows. Cultured cells after cytokines treatment were stained with monoclonal antibodies against E-cadherin, cytokeratin, vimentin, and F-actin.](ymj-52-51-g001){#F1}

![Expression of snail transcription factor and the loss of E-cadherin expression in mesothelial cells with TGF-β1 ± IL-1β. Cells obtained from the irrigation effluent of a patient with primary spontaneous pneumothorax were treated with media only, TGF-β1 (0.5 ng/mL), and TGF-β1 + IL-1β (2 ng/mL), respectively. Cells were analyzed for snail and E-caherin messenger RNA expression by RT-PCR. RT-PCR, reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.](ymj-52-51-g002){#F2}

![Characteristics of cultured cells from effluents of tuberculous pleurisy. Cells characteristics from the effluents of five tuberculous pleurisy patients were observed under phase-contrast microscopy and stained with monoclonal antibodies against E-cadherin, cytokeratin, vimentin, and F-actin.](ymj-52-51-g003){#F3}

![Expression of messenger RNA encoding snail and E-cadherin in tuberculous pleurisy. Cells obtained from the seven effluents of tuberculous pleurisy were analyzed for snail and E-cadherin mRNA expression by RT-PCR. RT-PCR results of samples A) and B) from [Fig. 3](#F3){ref-type="fig"} are shown on columns 1 and 2 of Fig. 4, respectively. RT-PCR, reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.](ymj-52-51-g004){#F4}
